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doi:10.1016/j.jfma.2012.01.006Background/Purpose: Because of controversy regarding timing of tourniquet release during
total knee arthroplasty (TKA), a closed arthrotomy as a tamponade for effective hemostasis
was used to save ischemia time. The study was to verify the safety and efficacy on clinical
issues.
Methods: A prospective cohort study was conducted on 72 consecutive unilateral primary
TKAs. They were divided into two groups according to different timing of tourniquet release.
The study group was composed of 36 index procedures with an intra-operative release after
a tight arthrotomy closure; while the remaining 36 TKAs with a tourniquet application
throughout the procedure comprised the comparative group. In all operations, no drain was
used to augment the intra-articular tamponade.
Results: In the study group, the tourniquet time was significantly shorter (p< 0.001), and thus
ischemic duration and perioperative blood loss were reduced. The postoperative course was
similar on the basis of analgesics consumption and inpatient stay, but better earlier functional
recovery as well as subjective performance was observed at early postoperative follow-ups.
Conclusions: The results suggest that a closed tamponade with arthrotomy closure and
drainage avoidance is an effective hemostasis to reduce ischemia time during TKAs.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.g-Li Road, Department of
University Medical Center,
.edu.tw (C.-Y. Yang).
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The advantages of the use of tourniquets have been known
to help create a bloodless surgical field, to reduce intra-
operative blood loss and augment interface fixation through
a clean and dry cut surface.1,2 However, reported adverse
effects3e6 from the ischemia or later hemodynamic changes
indicate the importance of timely deflation.& Formosan Medical Association. All rights reserved.
20 C.-W. Chang et al.In the literature, early deflation and even total avoid-
ance of tourniquets have contributed to less discomfort
after surgery and earlier functional recovery.2,7 By
contrast, intra-operative deflation abates the advantages
of the decreased blood loss or operative times.8e12
Recently, a meta-analysis13 reported that early tourniquet
release increases the blood loss of primary total knee
arthroplasty (TKA), while late release after wound closure
can increase the risk of early postoperative complications.
An effective method for hemostasis after tourniquet
release seems to be the solution to the dilemma.
After deflation, it is difficult to manage the ongoing
exuded blood from cut cancellous bone solely with elec-
trocautery.10,12 For excessive, uncontrolled bleeding, local
compression provides an easy and prompt hemostasis.
Thus, we postulated that a created closed tamponade after
some modifications offer an effective hemostasis after
tourniquet release. The purpose of this study was therefore
to examine its safety, effectiveness and the clinical impacts
on associated issues.
Methods
Patients
After exclusion of the comorbidities of poorly controlled
diabetes, coagulation disorders, previous thromboembo-
lism, inflammatory arthritis, abnormal vascular supply to
the leg and previous major knee surgeries, only patients
diagnosed with advanced stage primary osteoarthritis who
were to receive unilateral TKAs between March and August
2008 were included. The study was approved by our Insti-
tutional Review Board and all patients gave informed
consent before being included. Patients were divided into
two groups with different timing of tourniquet release,
based on historical distribution. The former index proce-
dures with an intra-operative tourniquet release comprised
the study group (Group A); while the comparative group
(Group B) was composed of the later TKRs with the tour-
niquet inflated throughout the whole operation.
Surgical techniques
A prophylactic antibiotic, cefazolin 1 g, was given intrave-
nously 30 minutes before surgery. After spinal anesthesia
and limb exsanguinations, a pneumatic tourniquet (ATS
2000; Zimmer, Dover, Ohio, USA) in an 85 8.5 cm2 cuff
was applied on the upper thigh with a pressure of
100 mmHg above systolic blood pressure.14 All the index
procedures were performed by the same surgeon (Yang)
using an identical approach, limited medial parapatellar
arthrotomy, through a 10e14-cm midline skin incision. The
distal femoral and proximal tibial cuts were achieved with
the technique of intramedullary instrumentation, and all
patellae were resurfaced. Cemented prostheses with
posterior-stabilized design (U2 knee, United, Taiwan) were
used. After copious irrigation with normal saline, the joint
was tightly closed with interrupted nonabsorbable and
continuous absorbable sutures. In Group A, the tourniquet
was released after completion of arthrotomy repair, and
the subsequent subcutaneous bleeding was controlled withcauterization. By contrast, in Group B, the tourniquet was
applied throughout the whole procedure until the wound
was covered with an external compressive dressing. No
postoperative drainage was used in both groups.
Postoperative care
After surgery, cryotherapy, consisting of icepacks and
compressive wraps, was applied to decrease postoperative
thigh swelling and discomfort. A standard pain control
regime consisted of patient-controlled analgesia (PCA) with
an infusion of morphine sulfate, adjuvant intramuscular
rescue analgesia of meperidine as needed every 4e6 hours,
and regular oral analgesics (acetaminophen 500 mg and
diclofenac potassium 25 mg every 8 hours). The need for
transfusion was guided by the level of postoperative
hemoglobin (Hb); once the level was either under 8.0 g/dL
or less than 10.0 g/dL with symptomatic anemia, trans-
fusions were given.
All patients followed the same rehabilitation protocol,
including active isometric quadriceps exercises, continuous
passive movements (CPM) from the second day, and
ambulation with full-weight bearing as pain tolerated. For
discharge, patients had to conform to the criteria of
demonstrating either a knee flex of 90 degrees or a smooth
straight-leg raise, and stable surgical wounds.
Assessment
To differentiate ischemia duration by tourniquet, the total
operative time and tourniquet time were recorded,
respectively. Without recordable drainage amount in this
series, perioperative blood loss was determined by either
the Hb reduction, defined as the greatest difference of Hb
level between admission (Day 1) and the lowest post-
operative level (Day 3 and 4), or calculated blood loss using
the Gross formula.15 To evaluate the postoperative pain,
the total analgesic consumption including the opiates and
intramuscular meperidine shots was recorded and calcu-
lated. Besides, the functional recovery was evaluated with
the objective active knee flexion documented by an inde-
pendent physiotherapist who was blinded to the surgical
methods or with the subjective performance with a self-
reported knee scoring system (Oxford Knee Score, OKS)16
at regular outpatient clinical follow-ups.
Statistical analysis
Data were analyzed using the Mann-Whitney U test, the Chi-
square test, the analysis of variance and Student t test
when appropriate. Statistical analysis was performed using
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA). Values of
p< 0.05 were deemed to be statistically significant.
Results
Over a period of 6 months, 72 patients (eight men and 64
women) aged 56e82 years (mean age, 70.8 years) were
included. The study group as well as the comparative group
was composed of the same amount of patients. No
Table 2 Peri-operative results.
Group A (nZ 36) B (nZ 36) p
Operative time (min) 79.9 12.8 75.9 9.9 0.150
Ischemia time (min) 52.9 8.7 75.9 9.9 <0.001*
Analgesic requirement
(mg)a
20.8 15.9 23.1 18.3 0.817
Postoperative stay (d) 4.3 1.1 4.5 1.1 0.492
Data are presented as the mean SD.
*Statistical significance.
a In morphine equivalent.
Timely deflation of tourniquet during TKA 21significant differences in demographic features between
groups were observed (Table 1).
During the operations, neither technical difficulties nor
episodes of tourniquet re-inflation were encountered in
hemostasis after tourniquet release in the study group.
Although similar operative time was consumed in both
groups (Table 2), the mean tourniquet time was signifi-
cantly longer in Group B (75.5 9.9 minutes vs. 52.9 8.7
minutes; p< 0.001).
After surgery, there was no significant difference
between the groups on the basis of maximum Hb reductions
or the calculated total blood loss (Table 3). Besides, similar
transfusion rates, analgesic consumption and inpatient
stays indicated the similar postoperative courses in both
groups. However, at early clinical follow-ups (6 weeks after
surgery), better active knee flexion as well as subjective
knee performance was noted and documented in the study
group. The differences between groups decreased with
time (Table 4).
Complications
During hospitalization, there was no continuous oozing,
excessive swelling, wound dehiscence or infection noted in
either group. During outpatient follow-ups of both groups,
no patient had persistent ecchymosis, residual hematoma
and difficultywithwound healing; however, two deepwound
infections occurred; one developed after urinary tract
infection (Group A) and the other after a dental procedure
(Group B), which were thought to be indirect complications.
Both infections were successfully resolved with surgical
re-intervention and antibiotics administration.
Discussion
Nearly all TKRs routinely integrate a tourniquet. However,
prolonged ischemia and associated pathophysiologies
contribute to various adverse effects. Clinical and experi-
mental studies have demonstrated a positive correlation
between the degree of neuromuscular injury and the
amount of pressure or the ischemia duration.3e5 The
general consensus is that the tourniquet should be
employed at the lowest pressure and for the least ischemic
time possible to avoid complications.3 Despite various
pressures being used in different studies, the recom-
mended pressure is 100 mmHg above systolic blood pres-
sure14 to reduce thigh pain after surgery.Table 1 Demographic features.
Group A (nZ 36) B (nZ 36) p*
Sex (male/female) 4/32 4/32 1.00**
Age (years) 71.0 5.8 70.7 4.7 0.808
Body height (cm) 153.0 6.6 153.8 7.0 0.654
Body weight (kg) 62.4 9.0 63.8 9.9 0.536
Body mass index (kg/m2) 26.6 3.2 27.0 3.6 0.714
Pre-operative knee score 42.4 6.1 44.2 5.7 0.189
Data are presented as the mean and standard deviation (x s).
*t test.
**Analysis of variance.Unlike other studies, the aim of this study was to reduce
ischemia time and associated risks instead of intra-
operative hemostasis. Tourniquet release before wound
closure was recommended in the literature to control
bleeding from the divided geniculate branches;17,18 mean-
while, it provides a window of time for bleeding to occur
before effective hemostasis is achieved.13 Because of no
benefits for blood conservation, but increasing risk of peri-
operative blood loss, some surgeons8e12 did not advise the
intra-operative deflation for hemostasis during primary
TKAs.
In fact, rapid reactive hyperemia19 as well as increased
fibrinolytic activity occurs after tourniquet release,20
leading to ongoing bleeding from cut cancellous bone and
contributing to major peri-operative blood loss.21 Even with
good visualization of the bleedings, it is difficult to identify
and control all such exuded points solely with electro-
cautery.10,12 After surgery, a local compression from
a closed wound and apposed tissue layers provides hemo-
stasis after deflation. Thus, we further postulated that the
natural tamponade by a closed joint without drainage is an
effective method to control the intra-articular bleeding
rather than standard cauterization. Provided that our
technique of hemostasis is effective, the timing of deflation
would be advanced to save ischemia duration during TKA.
The hypothesis was supported by the large amount of
tourniquet time saved and with similar operative duration,
as well as similar reductions in Hb level or calculated blood
loss observed in the study group.
Compared with most of the prior studies, this study
was unique in the avoidance of drainage. Postoperative
drainage remains controversial in orthopedic surgery. InTable 3 Perioperative blood loss between groups.
Group A (nZ 36) B (nZ 36) p
Hb level
(g/dL)
pre-op 12.8 1.11 12.7 1.22 0.794
postop 10.7 1.11 10.7 1.21 0.964
Hb reduction (g/dL) 2.07 0.55 1.96 0.87 0.747
(%) 1.63 0.43 1.53 0.67 0.704
Calculated blood
loss (mL)
639.9 182.1 605.3 271.1 0.675
Transfusion rate (%) 11.1 16.7 0.733*
Data are presented as the mean SD.
*Chi-square test.
HbZ haemoglobin; pre-opZ pre-operative; postopZ post-
operative.
Table 4 Early clinical follow-ups.
Group A (nZ 36) B (nZ 36) p
Range of motion 6 weeks 108.8 17.8 100.5 20.2 0.03*
12 weeks 110.0 15.0 106.3 11.1 0.555
Subjective knee score 6 weeks 19.3 2.2 21.3 2.1 <0.001*
12 weeks 18.1 1.4 18.7 2.4 0.624
Morbiditya 1 1 d
Data are presented as the mean SD.
*Statistical significance.
a Deep wound infection, mandating surgical intervention.
22 C.-W. Chang et al.spite of some theoretical advantages, opponents argue that
their routine use may increase complication rates in elec-
tive arthroplasties.22,23 Also, the continuous suction pres-
sure through the drains to maintain a pressure gradient
between the medullary cavity and the knee joint would be
expected to jeopardize the intra-articular tamponade and
increase blood loss. Some studies have demonstrated that
clamping the drainage in the first postoperative 1e4 hours
after TKA significantly reduced blood loss without excess
morbidity.24,25
In this study, we failed to verify the benefits of less
ischemia time on the basis of similar analgesic consumption
and inpatient stay. It is difficult to evaluate the post-
operative discomfort for the wide range of tolerable
ischemia duration under low tourniquet pressure, and the
indicators used in the study may not be sensitive enough to
represent the fine changes in subjective sensation. In addi-
tion, several postoperative modalities used in this study such
as cryotherapy, CPM, even the adverse effect of pain control
regime modified the discomfort,26 making the influence of
early release of soft-tissue tension less obvious. We recog-
nize that the early postoperative benefits were more
prominently revealed by the greater range of knee move-
ment as well as the better subjective knee performance
observed at outpatient follow-ups, excluding the possible
interferences as mentioned, although the clinical advan-
tages decreased with time (Fig. 1). Our results are consistent
with other studies that have reported earlier functional
recovery by tourniquet avoidance or early release.2,7
Another concern of this study is the assessment of blood
loss. First, because of the mixing of bloody discharge and
irrigation fluid and limited bleeding observed during
surgery, the weight of the soaked swabs was not included
in our calculations. Second, to create an effectiveFigure 1 Functional recovery in range of motion and subjective p
comparative group (Group B) during the early postoperativ
postopZ postoperative.tamponade, no drainage was used in this series. Without
recordable drainage, only serial changes in Hb levels were
available for gross estimation of the blood loss. The
correlation between Hb level and drainage amount has
been reported. Lotke et al.27 reported that the measured
blood loss from drainage was approximately one-third of
the calculated blood loss. Therefore, in this study, the
perioperative blood loss was not only determined on the
basis of the maximum Hb reduction, a common evaluation
in clinical practice and studies, but also calculated with
Gross formulae, considering the body habitus of the
patients. Because of no significant differences between the
groups in each measurement, we believe that there is little
risk of additional blood loss when releasing a tourniquet
under a closed joint without drainage.
We acknowledge the major limitations of this study,
including the nonrandomized design and limited cases.
However, we believe it is more practical for a single
surgeon to perform the consecutive procedures during
a short study timeframe without technical disturbances by
randomization. In spite of limited cases, the demographic
features in both groups were well matched, and great
efforts had been made to standardize as many factors
affecting blood loss as possible, including the type of
anesthesia, cementing technique, tourniquet pressure,
postoperative pain control regime, and even the rehabili-
tation program. Thus, we were able to evaluate the
different timing of tourniquet deflation as the only variable
in the comparison, and our data were reliable for clinical
interpretation.
In summary, the present study examined the efficacy of
hemostasis with a closed tamponade on the reduction of
ischemia time during TKA. Various associated clinical issues
were compared. The results suggested that a closederformance in the early tourniquet release group (Group A) and
e period (6 weeks, 12 weeks). *Statistical significance.
Timely deflation of tourniquet during TKA 23tamponade with arthrotomy closure and drainage avoid-
ance provided an effective hemostasis after tourniquet
deflation. Ischemia time was therefore saved without
additional blood loss or operative time, and some clinical
advantages can be anticipated.
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